Objective: To examine the incidence, tumor burden, and risk factors for nonmelanoma and other skin cancer types in this heart transplant cohort.
S
OLID ORGAN TRANSPLANT REcipients are at increased risk for skin cancers. 1 The degree of sun exposure correlates with skin cancer development. Patients living in regions of limited sun exposure, such as the Netherlands, have 10-and 20-year posttransplant risks of skin cancer of 10% and 40%, respectively, and those living in areas of high sun exposure, such as Australia, have 11-and 20-year posttransplant risks of skin cancer of 45% and 70%, respectively. 2, 3 Skin cancers have been shown to be a major factor in morbidity and death over the long term for heart transplant recipients. [4] [5] [6] Incidence, tumor burden, and risk factors for skin cancer are well documented in renal transplant recipients, However, these characteristics are documented to a lesser extent in heart transplant patients, who are at least twice as likely to have skin cancer compared with renal transplant recipients. [7] [8] [9] Factors contributing to this increased risk may be the greater use of immunosuppression agents and an average age at transplant that is 15 years older being greater in heart transplant recipients than in patients undergoing renal transplant. 10 We aimed to further delineate the incidence, tumor burden, and risk factors for the development of basal cell carcinoma (BCC), squamous cell carcinoma (SCC), and other types of skin cancers in heart transplant recipients.
METHODS
Approval for this study was obtained from the Mayo Clinic institutional review board. The Mayo Clinic master diagnosis index was queried to identify all patients who received a heart graft from 1988 to 2006. We identified 312 of these patients who had given consent to research. We then retrospectively reviewed the patients' medical charts, extracting informa-tion on patient characteristics, cancers, risk factors, and death. The cumulative incidence of skin cancer was derived by using an extension of the Kaplan-Meier method for the competing risk of death. 11 Skin cancer burden summaries are reported as mean (SD) or percentages as appropriate.
Cox proportional hazards regression models were used to evaluate posttransplant risk factors for SCC and BCC. Posttransplant risk factors, such as cytomegaloviral infection, were considered time-dependent covariates, as appropriate. Effects of medications were considered in a time-dependent manner according to use at the most recent of 2 months, 6 months, 2 years, and 6 years. Stepwise selection was used to obtain final multivariate models, with covariates significant univariately at ␣=.10. Covariates were kept in the multivariate model when PՅ.05.
RESULTS

INCIDENCES AND TUMOR BURDEN
The medical records of 312 patients who received a heart graft were reviewed. Of these patients, 10% also received a renal graft either before or after receipt of a heart graft, and 9.3% had a history of diabetes mellitus (DM). The mean age at transplant was 47.4 years. Table 1 shows the characteristics of our patient cohort. The cumulative incidence of death was 18.4% (95% confidence interval [CI], 13.6%-23.0%) at 5 years, 37.9% (95% CI, 30.5%-44.5%) at 10 years, 63.5% (95% CI, 51.5%-72.5%) at 15 years, and 78.7% (95% CI, 57.7%-89.3%) at 18 years' follow-up (Figure 1) . Only 1 patient died of skin cancer-a malignant melanoma that caused death 8.6 years after heart transplant.
A total of 1395 skin cancers developed in this cohort: 1236 SCCs (89%), 151 BCCs (11%), 5 malignant melanomas (Ͻ1%), 1 angiosarcoma, 1 atypical fibroxanthoma, and 1 pilomatrix carcinoma. Follow-up totaled 2097 personyears, for an average of 0.43 skin cancers per year per patient. Overall, 46.4% of patients had a skin cancer by 19 years of follow-up. The cumulative incidence of skin cancer is shown in Figure 1 . At 5, 10, and 15 years of followup, 15.4%, 32.3%, and 38.2% of patients had an SCC; 10.3%, 19.2%, and 31.6% had a BCC; and 20.4%, 37.5%, and 46.4%, respectively, had a skin cancer of any kind.
When evaluating the posttransplant SCC tumor burden of the 312 patients, we found that 76 patients (24.4%) had at least 1 SCC, 24 patients (7.7%) had only 1 SCC, and 19 (6.1%) had 10 or more SCCs. The largest number of posttransplant SCCs in a sole patient was 306 in 8.4 years; another patient had 303 SCCs in 17.7 years. The mean (SD) number of SCCs that developed per patient per year after transplant was 0.37 (2.39), and the maximum number of SCCs that developed in a single year was 74. The mean number of SCCs per year after transplant is shown in 5-year periods in Table 2 . In our analysis of patients who had at least 1 SCC within each 5-year block, we found that the mean (SD) number of SCCs per year was 1.71 (4.70), 2.65 (6.81), and 2.66 (5.08), respectively, for the blocks.
The cumulative incidence rates of a second SCC were 44.0%, 67.4%, and 75.9% at 1, 3, and 5 years after the first SCC (Figure 2) . Finally, the cumulative incidence rates of having an SCC were 36.7%, 54.7%, and 65.9% at 1, 3, and 5 years after the first BCC and reached 98.1% within 7 years (Figure 3) .
Evaluation of the BCC tumor burden of heart transplant recipients showed that 54 patients (17.3%) had at least 1 BCC, 23 patients (7.4%) had only 1 BCC, and Table 2 shows the mean number of BCCs after transplant. In patients with at least 1 BCC in each 5-year block, the mean number of BCCs per year was 0.50 (0.37), 0.64 (0.80), and 0.62 (0.50). The cumulative incidence rates of a second BCC were 32.1%, 48.6%, and 51.4% at 1, 3, and 5 years after the first BCC ( Figure 2 ). In addition, the cumulative incidence rates of a BCC developing was 16.3%, 31.8%, and 45.7% at 1, 3, and 5 years after the first SCC and reached 51.1% at 7 years ( Figure 3 ).
RISK FACTORS
The univariate Cox proportional hazards regression models for associations with SCC development are summarized in Table 3 . Specifically, increased age at transplant (10-year hazard ratio [HR], 2.57; PϽ.001), presence of herpes simplex virus (HSV) (HR, 2.71; P = .02), and posttransplant nonskin cancer (HR, 2.32; P= .001) were associated with increased risk of SCC. Female patients (HR, 0.42; P=.01) and patients who received a heart graft from 1994 to 1999 (HR, 0.54; P = .02) vs from 1988 to 1993 had a decreased risk of SCC after transplant. Patients who underwent heart transplant because of idiopathic (HR, 0.39; PϽ.001) or congenital heart failure (HR, 0.04; P=.002), compared with those who had the procedure because of ischemic cardiomyopathy, had a significantly lower risk of SCC after transplant. In the combination of causes, ischemic cardiomyopathy led to an increased risk of SCC vs all others (HR, 2.64; P Ͻ.001), and congenital heart failure led to a decreased risk of SCC vs all others (HR, 0.07; P = .01). Similarly, heart transplant patients who had a mismatch of 1 or more (HR, 0.39; P=.003), compared with patients with a mismatch of 0, were associated with a lower risk of SCC after transplant. Medications that were not significantly associated with the development of SCC included azathioprine (HR, 0. Sex-and age-adjusted HRs are summarized in Table 4 . These adjusted HRs showed that HSV infection (HR, 2.90; P =.01) and the presence of a nonskin cancer (HR, 1.80; P =.02) were associated with an increased risk of SCC.
Multivariate analysis showed that the most significant risk factors for SCC after heart transplant were posttransplant nonskin cancer (HR, 2.03; P = .007), increased age at transplant (10-year HR, 2.55; PϽ.001), and heart transplant due to idiopathic heart failure (HR, 0.59; P=.04), compared with all other causes ( Table 5) .
The univariate Cox proportional hazards regression models for time to a BCC are summarized in We also considered a dual transplantation with a heart and kidney to be a possible time-dependent predictor of SCC and found that risk of SCC was no different after a heart and kidney transplant compared with a heart transplant solely (HR, 1.31; P =.62). 20) were both estimated to decrease the risk of BCC, although these associations were not statistically significant. The time frame of heart transplant also was not statistically significant in relation to risk of BCC, although the patients who received a graft from 1994 to 1999 had an estimated decreased risk (HR, 0.67; P =.22) compared with those who received a graft from 1988 to 1993. In addition, no significant association with BCC development was found for infection with varicellazoster virus (P= .88), Epstein-Barr virus (P= .65), or cytomegalovirus after transplant (P=.46). When causes were combined, ischemic cardiomyopathy led to an increased risk of BCC compared with all other causes (HR, 1.82; P=.03). When HRs were adjusted for sex and age (Table 4) , mycophenolate mofetil use (HR, 2.74; P=.001) and the presence on an HSV infection (HR, 3.38; P=.01) were associated with an increased risk of BCC in this patient population.
A multivariate analysis of risk factors for BCC development after heart transplant found that older age at transplant (10-year HR, 1.81; PϽ .001), posttransplant infection with HSV (HR, 2.97; P =.02), and mycophenolate mofetil use (HR, 2.62; P = .002) were the most important predictors of BCC risk (Table 5) .
COMMENT
Organ graft recipients are at a substantially increased risk of posttransplant skin cancers, with the relative risk of nonmelanoma skin cancer (NMSC) in heart transplant patients at 108.6 compared with the general population. 12 Skin cancer in the case of organ transplant can be a clinically significant cause of morbidity and death. [4] [5] [6] [13] [14] [15] [16] In previous studies, the factors found to contribute to development of skin cancer include age at transplant, 17, 18 duration and degree of immunosuppressive therapy, 19, 20 a history of increased UV exposure, 1,17 male sex, 11, 17 infection with human papillomavirus, 21 fair complexion with blue eyes and blond hair, 1 pretransplant disease (eg, polycystic kidney disease and cholestatic liver disease), 22 decreased awareness of skin cancer risk, 23 and a history of a prior NMSC. 12 A previous study 8 has also shown that transplant recipients with SCC tend to have more subsequent SCCs, which may metastasize in 5% to 8% of this patient subset. Heart transplant recipients are particularly prone to the development of these skin cancers because of the intensive immunosuppression needed to prevent rejection of the transplanted organ graft, as well as being, on average, older at transplant. These findings would suggest a similar mortality rate in this patient population; however, the present study suggests that with aggressive screening and treatment of NMSC, the mortality rate associated with NMSC can be substantially decreased.
Although a considerable tumor burden was found in this study, the rate of death due to skin cancer was surprisingly low. Only 1 patient died of skin cancer, of a melanoma. This finding is in contrast to a study performed in Australia of patients with heart transplant and NMSC, which reported a 42% mortality rate. 6 It should be noted that in all types of skin cancer cases, death due to NMSC should be preventable in most instances. Countries with high rates of skin cancer and low numbers of dermatologists who are concentrated in medical centers are more likely to see death due to NMSC. The low mortality rate seen in the patient population of this study shows that when aggressive early management occurs, even in patients with a high level of immunosuppression, death can be avoided for most patients. Health care providers and patients at our center have been educated for more than 10 years about the risk, early detection, and treatment of skin cancer, which is apparent from the low mortality rate seen in the patients of this study.
Another interesting finding of this study is the steady number of NMSCs noted per year after transplant. When assessing the mean number of SCCs per year for patients who had this neoplasm, we found that the mean did not change considerably in the early years after transplant compared with more than a decade later.
Our analysis showed that male sex, as well as increased age at transplant, was a risk factor for development of SCCs after heart transplant. These characteristics are both most likely markers of increased UV exposure, compared with female sex and younger age. Of note, receipt of a heart graft due to an ischemic cardiomyopathy also conferred an increased risk of SCC. It has been suggested that a high-fat diet may increase the incidence of actinic keratosis, in addition to promoting the development of skin cancer at the promotional stage of UV carcinogenesis. 24 Perhaps the influence of highfat diets leading to ischemic cardiomyopathy, in combination with the immunosuppression of heart transplant, is what places this group of patients at greater risk than others receiving a heart transplant.
The present study also found an association of increased risk of both SCC and BCC in patients who had an HSV infection. The association of viral infections with skin cancer development may reflect a common pathogenesis caused by increased levels of immunosuppression or may implicate a causal relationship. Although the ability to quantify the degree of immunosuppression in the current study was limited, we suspect that the association of skin cancer and viral infections is indicative of the patients who had greater levels of immunosuppression.
Finally, our study documented an increased risk of BCC in patients taking mycophenolate mofetil compared with those taking azathioprine. Tacrolimus and sirolimus had nonsignificant effects for a decreased risk of BCC and SCC, respectively. Only the increased risk of BCC in patients taking mycophenolate mofetil remained significant in the multivariate analysis. Again, because of the complexities of modeling medication doses over time, these observations may or may not continue to hold in future studies. The limitations of this study include its retrospective nature, as well as the singleinstitution design, which may have prevented elucidation of medication effects more clearly.
Vigilant sun protection practices, skin cancer education, regular skin examinations, and daily vitamin D supplementation are appropriate interventions in these high-risk heart transplant patients. 
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